Introduction
Rehabilitation and maintenance of existing steel constructions, especially steel bridges is one of the most important actual problems [1] , [2] , [3] , [8] , [14] . The infrastructure in Romania and in other East -European countries has an average age of about seventy to ninety years. Many of these structures are still in operation after damages, several phases of repair and strengthening. Replacement with new structures raises financial, technical and political problems. The budget of the administration gets smaller. The present tendency to raise the speed on the main lines to a level of v  160 km / h must be emphasized ( Figure 1) . Fig. 1 . The European corridors crossing Romania's territory: IV, VII and IX During service, bridges are subject to wear. In the last decades the initial volume of traffic has increased. Therefore many bridges require a detailed investigation and control. The examination should consider the age of the bridge and all repairs, the extent and location of any defects etc ( Figure 2 ). Carefully inspection of the structure is the most important aspect in evaluating the safety of the bridge. On the accuracy of the in situ inspection depends the level of evaluation.
The check of existing structures should be based on the complete bridge documentation (drawings with accuracy details, dimensions and cross sections of all structural elements, information about structural steel, stress history. However, in many cases these documentations are incomplete or missing. But these informations can be recovered due to the carefully investigations and inspections of the structures, experimental determination of the material characteristics and stresses in structural elements, full scale in situ tests (static and dynamic), calibration of structure and spatial static analysis.
Today, the budget of the administration and the owners (i.e. the railways and highway companies) get smaller. In consequence it is necessary to invest the available money where there will be the greatest benefit. Therefore, those responsible for the decisions need information about the safety of the structure, the remaining life, the costs for maintenance etc. Nobody will take the responsibility for failure of a structure as a result of budget restrictions.
Bridge life is generally given by fatigue; difficult is the estimation of the loading history. For bridges where the stress history is known the fatigue life may be calculated using the Miners's rule and an appropriate S-N curve; also the assumption of the same spectrum for bridge life (or for certain periods) must be made. During the process of assessment the fatigue life of old riveted bridges, is important to establish the proportion of the whole fatigue life that has been already got through. For stringers and cross girders of existing railway bridges the number of 10 7 cycles is exceeded. It might be affirmed that for such bridges if no fatigue cracks can be detected, no fatigue damage has occurred! Subsequently, if the loading spectrum remains the same in the future as in the past, fatigue cracking might not take place! In almost all the cases the loadings increased; in this situation survival for 100 years (or more) without cracking would not justify the assumption that no damage has yet occurred! Minor cracking is difficult to detect during usual inspections.
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Technical condition of existing bridges
Rehabilitation and maintenance of existing steel bridges is one of the most important actual problems.
A continuous maintenance, which generally must increase in time, is important in order to assure the safety in operation of the existing structures.
The evaluation of the current technical condition of an existing steel bridge structure with the help of in situ evaluation depends, in a high percentage, on the engineer's qualification. In the case of in situ inspection it is recommended to insist on the appeared fatigue defects, of riveted or welded connections (the expert must to insist on the connections between the stringers with cross girders and cross girders with main girders), critical details (which are included in standards or catalogues), corrosion level, the structure deformations due to traffic, bridge bearings. The expert can use non-destructive techniques to determine the integrity of base material or structural components. The non destructive testing of the inspection of in service damage in bridge elements are the following:
 visual inspection -the most common method which includes microscopes, mirrors, portable video cameras, robotic crawlers; this method is very useful in case of surface cracks;  magnetic particle inspection -this method is also very simple and does not need high qualification personnel, but can be applied just in case of ferromagnetic materials (not for austenitic steels). The method consists in the magnetization of the high stress elements or critical details and indicates directly the surface discontinuity through forming a distorted magnetic field, which can be detected under proper lighting conditions;  liquid penetration inspection -is a simple method including the qualification of the personnel; it uses penetrate liquids with fluorescent pigment and UV -light in order to indicate the surface defections;  radiographic inspection -the method is applied for hidden defects and it uses Gamma or Roentgen radiation. The inspected element is placed between the radiation and the film. The interpretation of the radiographic images should be done by experts, otherwise defects could be ignored;  ultrasonic inspection -this testing is used for flaws and cracks in the material thickness, on the surface or hidden defects; highly qualified personnel is needed. High frequency sound waves are introduced into a material and they are reflected back from surfaces or flaws. This process is recorded by an oscilloscope. This method cannot be used for elements made of multiple plates (riveted sections).  Eddy Current testing -this method can detect surface defects but can also be used for thickness inspection.
The usual simplified analysis methods do not always give the lowest resistance values for the structure, but usually the more refined assessment methods which give greater resistance are expensive. According to the experience of the expert a progressive analysis can be applied. In a first step simple classical methods can be applied [2] . If they fail, more sophisticated methods can be used, until either it is shown that the bridge is adequate, or it is concluded that strengthening is needed. An engineer with experience can jump over some time consuming steps which do not give any benefit (an interesting proposal is that the engineer will be paid on a percentage on the saving basis [4] ). Actual loads are lower than those used for design purposes. Fatigue tests on elements taken from demolished structures gives -generally -greater fatigue life than the values according the codes [5] .
The applied stress range, the geometry of the detail and the number of stress cycles has a decisive effect on the remaining fatigue life of the structures.
By differences of more than 5 % of the cross section -due to corrosion, the actual values must be introduced.
However, from the overall examination of a large number of bridges many defects can be pointed out. The defects are widespread, having a heterogeneous character from the point of view of location, development and development tendency; their amplification was also due to the climate and polluting factors that caused the reduction of the cross section due to corrosion. Statistically, in 283 from among 1088 welded bridges, and in 356 from among 3201 steel riveted bridges cracks were detected and repaired. It is not allowed to weld cracks! Old bridges can have welds executed in the early years; a special attention must be paid to these parts. Generally the riveted connections have a good behavior in time due to the initial pre-stressing force which can reach 70 -80 N/mm². In Table 1 some typical defects in stringers, cross girders, main girders wind bracings and orthotropic deck and their repair are presented [6] , [7] .
In figure 3 there is presented a crack of a joint plate from a wind bracing and in figure 4 also cracks in the lower flange joint of a double T girder, near to the bearing. Signs of cracks and defects are rust traces, which occur by friction between jointed plates of the elements. These are of relevance for hidden constructive elements.
Defects of the bearings are frequent as well. In figure 5 there are presented two examples.
Fig. 5. Defects on bearings
Due to deficient maintenance the riveted structures are strongly corroded, especially in the lower zones (figure 6). These corroded surfaces represent also a critical detail for fatigue. Fatigue under corrosion factor is an aspect treated only qualitatively and not quantitatively.
The interaction between the two aspects is obvious. There can also found inefficient joints, like weakened rivets (figure 7). 
Characteristics of materials
The following facts show that a material analysis for old riveted bridges is very useful:
 Old bridges are in many cases erected using material with very poor welding qualities and basing on railway administration data and specialized literature it is known that cast iron was used to build bridges;  The specialized literature doesn't offer enough information about this structural steel;  The structural material comes from several producers (for South Eastern Europe mostly from Reschitz -Romania and Györ -Hungary). tonnes of bridge structures made of cast iron were replaced in the western part of Romania (Banat), namely on the railway segment Timişoara -Orşova. In this sense the material study took into account bridges from this region, built around 1911. Following material analysis were performed in order to determine the characteristics of the material: chemical analysis, metallographic analysis, tensile tests, Brinell tests, Charpy "V Notch" tests. The samples were taken from secondary elements, but also in some cases (Bridges in Arad and Şag which were replaced) from main elements: stringers, cross girders, main girders [7] ). The results of the chemical analysis are presented in the following table. Table 3 . Chemical analysis results
The statistical interpretation of the tensile tests results shows a minimal value for the yield stress of 230 N/mm 2 .
The impact tests on Charpy V Notch specimens lead to conclusion that the transition temperature is situated in many cases in the range from -10°C to 0°C (figure 8).
By analyzing the laboratory results it can be concluded that the steel is a mild one, that could be associated to the present steel types St 34 or St 37.1 (S 235 according to the Eurocodes). Also, on the two dismantled bridges -Arad and Şag -fracture mechanics tests were made [7] in order to establish the integral value J c according to ASTM E813-89 (figure 9), the CTOD and to determine the fatigue crack growth rate and the material constants C and m according to ASTM E647-93. For these tests compact specimens CT (thickness 8 mm) as well as bending specimens for CTOD, have been used.
They have been obtained from the stringers, cross girders and main girder -lower chord. The minimal value of material toughness in term of J-Integral for these old riveted steel bridges is J crit = 10 … 20 N/mm for a temperature of -20°C.
The method of fatigue assessment for structural elements with defects, was developed basing on the possibility of crack propagation modeling under fatigue loads and with the help of known laws.
The method is founded on the recommendations of the BS 7910:1999.
www.intechopen.com In the present state of knowledge it is generally accepted that the fatigue failure of materials is a process containing three distinct steps: (1) initiation of defect (crack), (2) crack propagation in material, (3) separation through complete failure of the material in two or more pieces. Practically, the safety service life of an element under fatigue conditions can be expressed as follows (figure 11):
www.intechopen.com The evaluation of crack propagation conditions can be accomplished with the help of characteristically values, which are founded on fracture mechanics concepts: material toughness express by the stress intensity factor K or J integral value and the crack growth rate da/dN (crack growth for each load cycle). A relation of the following type can express the crack growth rate ( Figure 12 ):
da/dN -crack extension for one load cycle; K-stress intensity range, established basing on the stress range ; R-stress ratio; H-indicates the stress history dependence.
The crack growth rate da/dN, defined as a crack extension -da obtained through a load cycle dN (it can also be defined as da/dt, in which case the crack extension is related to a time interval), represents a value characteristic of the initiation phases respectively the stable crack propagation. It has been experimentally observed that the connection between the crack growth rate and stress intensity factor variation represents a suitable solution for the description of the behavior of a metallic material containing a crack, as in the case of steel. In a logarithmic graphical representation of the crack growth rate da/dN versus the stress intensity range K a curve as the one in the following figure (Fig. 12) , is obtained. 
N -number of stress cycles necessary in order that the crack extends from its initial dimension a 0 to the critical value a crit , where failure occurs; a -crack length; C, m -material constants from the crack propagation law; K -stress intensity factor range.
This integral can be numerically calculated by taking into account a critical detail knowing the crack values (initial and critical), basing on the following relation:
The number of cycles Ni obtained with the help of relation (4) represents the remaining service life of the detail, by regarding the initial length a 0 up to the critical length a crit , by admitting stable crack propagation ( Figure 13 ). 
Present verification concept
During service bridges are subjected to repeated loadings causing fatigue. Therefore many bridges require an inspection. The examination should consider the age of the bridge and all repairs, the extent and location of any defects etc. [8] . A continuous maintenance, which generally must increase in time, is important in order to assure the safety in operation of the existing structures. The present methodology includes the following stages [9] :
Step 1. estimation of the loading capacity of the structure based on a detailed inspection; analysis of drawings, inspection reports, repairs, reinforcements, analysis of the general behavior of the bridge (displacements, vibrations, corrosion and cracks). In this phase the stresses in the structure can be calculated with the usual simplified hypothesis; Step 2. the accurate determination of the stresses in the structure and of the remaining safety of the elements. This phase includes: tests on materials, computer aided analysis of the space structure, remaining safety calculated on the base of the real time -stress history; Step 3. in situ static and dynamic tests.
This methodology adopted by the Romanian standard is illustrated in Figure 15 .
The calculation of remaining fatigue life is normally carried out by a damage accumulation calculation. The cumulative damage caused by stress cycles will be calculated; failure criteria will be reached. The classical fatigue concept is based on the assumption that a constructive element has no defects or cracks. However, discontinuities and cracks in the components of structures are unavoidable, basically because of the material fabrication and the erection of structures. It is very clear that the kind of fatigue cracks, which are initiated by structural non-homogeneity (possible non-metallic inclusions or other impurities), surface defects (including corrosion) and the stress factor, are present in the old riveted structures.
The presence of cracks in structural elements modifies essentially their fracture behavior. Fracture, assimilated in this case as crack dimensions growth process under external loadings, will be strongly influenced by the deformation capacity of material. The FM approach has acceleration in damage increase; with increasing damage a smaller stress range contribute to the damage increase. The authors proposed [9] , a complementary method based on the fracture mechanics basic concept II c JJ 
in order to calculate the remaining fatigue life.
In practice two situations can be distinguished:  D < 0,8 the probability to detect cracks is very low. The inspection intervals (generally between 3 -6 years) can be established on criteria independent of fatigue. Nevertheless, a special attention must be paid to critical details.  D  0,8 cracks are probable and possible. An in situ inspection and the analysis of critical details are strongly necessary. Also a fracture mechanics approach is recommended.
Generally, the establishing of the maintenance program, the determination of inspection intervals, the inspection priorities of structural elements and finally the calculation with high accuracy of the remaining service life of old riveted bridges takes into account the following main data: The methodology is conceived as an advanced, complete analysis of structural elements containing fatigue defects, being founded on fracture mechanics principles and containing two steps: namely one of determination of defects' acceptability with the help of Failure Assessment Diagrams (level 2) [10] and of determination of final acceptable values of defect dimensions; this is followed by a second step which in fact represents a fatigue evaluation of the analyzed structural elements basing on the present stress history recorded on the structure, on the initial and final defect dimensions and the FM parameters, namely the material characteristics C and m from the Paris relation (crack growth under real traffic stress) and further on the exact determination of the number of cycles N needed in order that a fracture take place, respectively the determination of the remaining service life of the structural elements (years, months, days).
In order to determine the remaining service life it is important to know how long it will take the crack to grow from the minimum detectable size to the critical value. In this situation the safe inspection intervals can be calculated with the following relation:
where N RFL = the remaining fatigue life calculated for the structural element N a = the number of cycles computed for a crack extension rate of 5 mm during two successive inspections.
The life prediction computing was performed with the help of a soft developed by one of the authors [7] .
Case studies
Three European corridors cross Romania's territory: IV, VII and IX. Of a special interest for many European countries is the Pan-European Corridor IV "Berlin -Nürnberg -PragueBudapest -Constanta /Istanbul/ Thessaloniki". On Romania's territory the railway component of Pan -European Corridor IV has the following route: Curtici -AradSighisoara -Brasov -Predeal -Campina -Bucharest -Constanta.
Due to the fact that the Campina -Predeal railway route crosses the sub-Carpathians area and the southern part of the Southern Carpathians it was necessary to adapt it to the difficult geographical conditions; actually this section is the most complicated part from the whole Romanian route. The railway line was built step by step beginning with 1879. The doubling of the 43 km long railway line Campina -Predeal was accomplished between 1939 -1942. The line electrification was completed during 1961 -1965.
Generally, the line is oriented from the south to the north. It follows the valley of the Prahova River crossing this river in 17 points.
This section includes 41 bridges. From this total number 22 are plate girder bridges, 6 are truss structures, 12 concrete bridges and 1 are conceived in the filler beams deck solution.
Fig. 18. Emplacement plan
All these structures were verified. In the following some aspects regarding the verification of the steel bridges are presented. The methodology which was adopted is showed in the figure 19. For example, a plate girder bridge (no. 28, at km 125+323.25) is presented, which is a riveted structures crossing the Prahova River. The structure has four spans, one of 13.90 m and three of 14.10 m each and is skew (skew to the right -48°37') and its superstructure is made out of independent plate girder decks. For the main girders of the steel decks, all the fatigue checks were performed in the section from the middle of the span.
According to the stress analysis, the maximal stress range for UIC 71 convoy is: Also, the complementary method of fracture mechanics was applied. For the material characteristics followings values were considered: the material is mild steel similar to the former steel St 34 -37. n (Romanian standard -STAS 500/2 -80); yield stress is σ y = 230 N/mm 2 ; tensile stress σ ult = 360 N/mm 2 .
For the material toughness in terms of J crit a minimal value of 20 N/mm at a temperature of -20°C was chosen. For the life prediction procedure in the case of the material constants following values have been chosen: m = 3 and C = 3 x 10 -12 (see also [11] ).
A stress history was established using the following mixed traffic from EC 1. This is actually the future traffic which will be characteristic for the new rehabilitated railway corridor. All these trains were moved on the structure in order to establish the multi-block stress history. All these trains were moved on the structure in order to establish the multi-block stress history. T1  T2  T3  T4  T5  T6  T7  T8  Total  50  0000  1 0 5  3 The crack case assumed for these structures (riveted bridges) is illustrated in figures 32; it is a trough thickness defect.
Fig. 32. Theoretical crack models
In order to determine the remaining service life it is important to know how long it will take the crack to grow from the minimum detectable size to the critical value.
Two cases were studied:
 through thickness flaw with initial size a 0 = 2.0 mm which is undetectable because it is situated under rivet head in the web steel plate, and  through thickness flaw with initial size a 0 = 2.0 mm which is also undetectable during a visual inspection appearing in the corner (lower flange).
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In this case the safe inspection intervals, calculated with formula 8, are situated between 1.2 and 2.0 years.
Finally due to the high corrosion level (Figure 34 ) and also based on the fatigue assessment, the superstructure was proposed for the replacement. Table 6 . Analyzed plate girder bridges -continuation
For the replacement different solutions can be proposed. A modern economical and robust structure is the Schmitt Stumpf Frühauf solution (VFT-WIB ® ), [12] -which has a high degree of prefabrication and goes along with a significant improvement of working conditions, as weather-independent working; also improved environment conditions for the workers while erecting formwork, placing re-bars and casting concrete is guaranteed. Furthermore a smaller amount of man-hours outdoors at the construction site is needed.
The constructive depth was optimized by a computer specialized program (Figure 35 ). 
Conclusion
The progress recorded in the last decades allows on one part an accurate evaluation of the remaining safety of the structures and on the others part the proposal of new efficient, economical solutions with the high level sustainability.
